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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, Paul D. Faucher, residing at 1351 Condor Glen, 
Escondido, CA 92029, a citizen of the United States, has invented 

BUCKLING KEY CAPS AND METHOD 

of which the following is a specification. 
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BUCKLING KEY CAPS AND METHOD 
BACKGROUND 

Image forming devices, such as copiers, facsimiles and printers, are 
being designed to have a broad range of performance features. For example 
multi-functional printers (MFP) combine functions of various machines such 
as copiers, facsimiles and printers, into a single piece of equipment can offer 
many possibilities. The image forming devices can be manufactured as one 
universal machine which can be later configured to meet specific end user 
requirements. More specifically, the image forming device may have a 
control panel assembly that can be customized for a particular end user by 
substituting various types of covers, also known as bezels. The bezels snap- 
fit onto other members of the control panel assembly and activate 
combinations of key caps, which are hidden from the user. 

A problem with the current control panel assemblies is that the 
dimensional tolerances of the individual members can cause large 
dimensional interferences between the key caps and the bezels upon 
assembly. Therefore, the key caps which are not visible to the user exert a 
relatively large lifting force on the bezel that covers them, and in some cases, 
the force is great enough to displace the bezel or to unsnap the bezel. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The example embodiments of the present invention can be understood 
with reference to the following drawings. The components in the drawings are 
not necessarily to scale. Also, in the drawings, like reference numerals 
designate corresponding parts throughout the several views. 

FIG. 1 is a perspective view of a multi-functional printer embodying an 
example of a control panel assembly having key caps according to an 
embodiment of the invention; 

FIG. 2 is an exploded perspective view of the control panel assembly of 
FIG. 1 according to an embodiment of the invention; 
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FIG. 3 is a perspective view of an example embodiment of a key cap in 
the control panel assembly of FIG. 2 according to an embodiment of the 
invention; 

FIG. 4 is a front elevation cross-sectional view of the control panel 
assembly of FIGS. 2 and 3 partially assembled according to an embodiment 
of the invention; 

FIG. 5 is a front elevation cross-sectional view of a control panel 
assembly of FIG. 4 once assembled according to an embodiment of the 
invention; 

FIG. 6 is a front elevation cross-sectional view of a control panel 
assembly of FIG. 4 that includes a buckled key cap according to an 
embodiment of the invention; 

FIG. 7 is a perspective view of an example embodiment of a key cap of 
a control panel assembly of FIG. 1 according to an embodiment of the 
invention; and 

FIG. 8 is a graph showing the force and the corresponding deflection 
acting on key caps according to an embodiment of the invention. 

DETAILED DESCRIPTION 

For convenience, example key caps are described within the 
environment of an image forming device that is a multi-functional printer 
(MFP), however, one skilled in the art can appreciate that the present 
invention could be used in other devices. Referring to FIG. 1, multi-functional 
printer 100 includes a control panel assembly 102 for operating a variety of 
functions. The control panel assembly includes various key caps 104, 106, 
visible to the user that allow the user to control various operational aspects 
such as, for example, facsimile dialing and control, copying control, printer 
control, and other operational parameters, etc. 

FIG. 2 is an exploded perspective view of the control panel assembly 
102 of FIG. 1 according to an embodiment of the invention. The control panel 
assembly 102 includes a printed circuit board 202, a keypad 206, a cover 
plate 208, and a bezel 210. The bezel 210 can be a plate, a panel, or one of 
many covers of a control panel assembly. The bezel 210 is typically the 
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outermost member of the control panel assembly visible to the user, and can 
display written text indicating the features and functions of the machine. The 
printed circuit board 202 has areas of electrical circuitry 203, 204, 205, that 
can include integrated circuits such as logic gates and microprocessors, etc., 
and various circuit elements such as switches, resistors, capacitors, inductors, 
and other electronic circuit elements and electrical circuitry. Some areas of 
the electronic circuitry may be contacted by key caps 104, 212, 214, 
respectively, to control the operating functions of the multi-functional printer 
100. The printed circuit board 202 may also provide structural support for the 
keypad 206. Cover plate 208 is located above keypad 206 and has a plurality 
of openings, for example, openings 209, 211,213, aligned with the plurality of 
key caps, for example key caps 104, 212 and 214, respectively. Key caps, 
which are also commonly referred to as key-switches, are used to activate 
functions of an image forming device, for example the multi-functional printer 
100, by advancing the key caps so that they contact areas of the electronic 
circuitry on printed circuit board 202. Bezel 210 also has a plurality of 
openings, for example opening 215, to expose select ones of the key caps for 
user activation. In this respect, bezel 210 has fewer openings than cover 
plate 208 in order to cover certain key caps, for example key caps 212 and 
214, which are not accessible to the user. Protrusions 216 and 218 of bezel 
210 extend through openings 21 1 and 213 to depress or activate key caps 
212 and 214, respectively, when control panel assembly 102 is assembled. 

Image forming device 100 can be manufactured as a functionally 
universal machine which can be customized through an installation of a 
custom bezel 210. That is to say, for lesser versions of the image forming 
device 100 that include limited functionality, a custom bezel 210 may only 
include openings for applicable ones of the key caps to allow manipulation of 
corresponding ones of the electrical circuits on the printed circuit board 202, 
etc. However, it may be desirable that some key caps 212, 214 be depressed 
or otherwise actuated when the bezel 210 is in place, even though such key 
caps 212, 214 are not seen by a user. To accomplish this, protrusions 216, 
218 on the underside surface of the bezel 210 push down the key caps 212, 
214, respectively, so that they exert pressure and remain in contact with 
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specific electrical circuitry such as electrical contact areas 204, 205 of circuit 
board 202. 

In some embodiments, for example, a select number of protrusions 216 
and 218 may be included on bezel 210 that contact select ones of the key 
caps 212, 214. The keypad 206 may also have additional key caps (not 
shown) and bezel 210 may have additional protrusions (not shown) for 
depressing key caps not visible to the user. Also, in some cases, a protrusion 
may not be included in the bezel 210 such that, for example, a predefined key 
cap 212, 214 is not compressed when the bezel 210 is in place. Thus, 
customization of control panel assembly 102 can be achieved by substitution 
of different bezels 210 having a different number or protrusions or a different 
arrangement of protrusions, or both, on bezel 210 to depress key caps hidden 
from the user. The key caps 212, 214 are "hidden" in that they are not visible 
by a user as they lie underneath the bezel 210 when it is in place. The 
attachment of different bezels 210 results in different combinations of contact 
areas 204, 205 of circuit board 202 being contacted. Therefore, alternative 
bezel 210 configurations provide access to varying combinations of features. 

FIG. 3 is a perspective view of key cap 212 prior to contact by 
protrusion 216 of bezel 210 which moves along an axis in direction 302. 
Protrusion 216 can be an annular body having opening 304, as shown, and 
can also be one of several shapes including, for example, a solid cylindrical 
body. A deflection associated with the attachment of bezel 210 in assembly 
of the operating panel 102 (FIG. 2) causes key cap 212 to buckle due to the 
compressive force exerted by protrusion 216. The term "buckle" means that 
upon application of a force that is greater than a critical force, the key cap 212 
bends, bulges, or kinks, and the key cap 212 experiences a negative, i.e. 
decreasing, rate of change in the slope of a force versus displacement curve. 
The critical force is the force that is necessary to place the key cap 212 in the 
condition of unstable equilibrium. The critical force depends upon the 
geometry and the modulus of elasticity of the key cap 212, and can be 
determined by those of ordinary skill in the art. Thus in a control panel 
assembly 102, the key cap 212 buckles when key cap 212 is subject to a 
compressive force by the bezel 210 and circuit board 202 (FIG. 2) at contact 
area 204 (FIG. 2). 
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In some embodiments of the present invention, key cap 212 can 
include at least one column, for example column 306, which can buckle under 
compressive force. In such case, the column 306 has a slenderness ratio, 
(l/k), according to the following equation: 



wherein / is the length of the column, k is the radius of gyration, P cr /A is the 
critical unit load per unit cross sectional area E is the modulus of elasticity and 
C is the end-condition constant that theoretically ranges from about 1/4 to 
about 4. The above relationship can pertain to columns that buckle with both 
central loading and eccentric loading, and columns having rounded, pivoted, 
fixed or free ends, and combinations thereof. In some embodiments, the 
column, for example column 306, has one end fixed and one end free and C, 
the end-condition constant, ranges from about 1/4 to about 2. 

The theoretical slenderness ratio is well known to those of ordinary skill 
in the art and the relationship of the variables in the above equation are found 
in Mechanical Engineering Design, by Joseph Edward Shigley and Charles R. 
Mischke, fifth edition, 1989, pages 120-128, which is hereby incorporated by 
reference herein. 

In one embodiment, key caps 212, 214 have four columns 306, 308, 
310, and 312 arranged concentrically about a central axis in the direction 302 
of compression. It is not necessary that the columns 306, 308, 310, and 31 2 
are concentric, and other arrangements are possible. An annular rib 314 
connects the body 316 of key cap 212 to keypad 206. A key cap, such as key 
cap 212, which has more than one column provides a substantially uniformly 
distributed load for making contact with an area of electrical circuitry 204 (FIG. 
2) on circuit board 202 (FIG. 2). Although the slenderness ratio of columns 
306, 308, 310, and 312 expressed by the equation above pertains to 
independent columns 306, 308, 310, and 312 which are unattached, columns 
306, 308, 310, and 312 can also be attached at adjacent corners as shown by 
key cap 212 of FIG. 3. 

The columns 306, 308, 310, and 312 of key cap 212 are connected by 
a connecting web 318 that surrounds a central opening 320, and the portion 
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of connecting web 318 has a cross-sectional area Ai between key caps 310 
and 312. The effect of the connecting web 318 on the force required for 
buckling may be discounted or ignored if the material composition of key cap 
212 has a very low modulus of elasticity, for example less than about 500 psi, 
and the cross sectional area of the portion of the connecting web 318 
between two columns, for example columns 310 and 312, is about 10% or 
less of the cross-sectional area of at least one of column 310,312. The 
cross-sectional area of the portion of connecting web 318 can depend in part 
on the modulus of elasticity of the material composition used in the key cap 
312, and in some embodiments the cross sectional area of the portion of the 
connecting web 318 between two columns, for example columns 310 and 
312, is about 5% or less of the cross-sectional area of at least one of column 
310, 312. In such a case where both conditions are met and there is very little 
coupling between each column, then the collapse of one of the columns 310, 
312 will facilitate the collapse of the others by creating instability. 

Regardless of the number and arrangement of columns 306, 308, 310, 
and 312, key cap 212 undergoes buckling by a compressive force if the key 
cap 212 experiences a negative, i.e. decreasing, rate of change in the slope 
of a force versus displacement curve. It is possible that under some 
circumstances, for example as a result of part to part variation in 
manufacturing, that only one or two columns will buckle, for example column 
306, or columns 306 and 308. Nevertheless, the keycap 212 buckles when at 
least one of columns 306, 308, 310, and 312 buckles. In some situations 
none of the columns 306, 308, 310, and 312 buckles because a critical force 
has not been attained that places the key cap 212 in the condition of unstable 
equilibrium. 

The key cap 212 can be made from at least one of many flexible 
thermoplastic and thermoset material compositions, including but are not 
limited to, silicone rubber, natural rubber, polyolefin, copolyester, or any other 
elastomers and highly elastic materials, for example, and combinations 
thereof. The modulus of elasticity of the material composition of key cap 212 
is less than about 500 psi and in some embodiments, the modulus of elasticity 
can range from about 50 psi to about 500 psi. While the hardness may vary, 
in an example embodiment, the hardness of the material composition of key 
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cap 212 is less than about 90 Shore A, and in some embodiments can range 
from about 20 Shore A to about 90 Shore A. Also, the keypad 206 and key 
cap 212 can both be formed of the same material composition, for example 
via an injection molding process, and in alternative embodiments, the material 
compositions can be distinct from each other. 

FIG. 4 is a front elevation view of a control panel assembly 102 as 
bezel 210 is being attached. FIG. 4 illustrates a cross-sectional view of 
unattached bezel 210 taken along line 4-4 of FIG. 2, and a cross-sectional 
view of key cap 212 and keypad 206 taken along line 4-4 of FIG. 3. Fastener 
220 of bezel 210 has barbed tabs 402 that can be inserted into opening 404 
of cover plate 208 during attachment of the bezel 210. The diameter of the 
end portion 406 of fastener 220 is larger than the diameter of opening 404, 
however, when the bezel 210 is moved toward cover plate 208 the fastener 
220 comes into contact with the chamfered walls 408 surrounding the opening 
404 of cover plate 208, thereby causing the barbed ends on the tabs of the 
fastener 220 to bend inwardly allowing insertion of the fastener through the 
opening 404. Annular rib 314 suspends the key cap 212 above the area of 
electrical circuitry 204 of circuit board 202 prior to the attachment of bezel 
210. The distance D A is the overall height the key cap 212 measured from the 
top 410 to the base 412 of key cap 212. 

In FIG. 5 the fastener 220 of bezel 210 is connected to cover plate 208 
and protrusion 216 of the bezel 210 is in contact with key cap 212. The 
distance D 2 is the contact distance, or the distance between the area of 
electrical circuitry 204 and the bottom 502 of protrusion 216 when the bezel 
210 is connected to the cover plate 208. The attachment of the bezel 210 to 
the cover plate 208 causes deformation and compression of the key cap 212 
due to a dimensional interference between protrusion 216 and key cap 212. 
The dimensional interference, distance D 3 is termed herein as the minimum 
over-travel and is a distance greater than the difference between Di and D 2 . 
Key cap 212 can be sized such that the minimum over-travel, or distance D 3 is 
greater than zero to ensure contact between the key cap 212 and the area of 
electronic circuitry 204 of printed circuit board 202 when the operator panel 
assembly 102 is assembled. The overall height of key cap 212, distance D^ 
and the minimum over-travel D 3 are determined by taking into account the 
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combined tolerances, commonly known as the stack tolerance, of the 
members 202, 206, 208, 210, 212 and 216 of operator panel assembly 102. 
The over-travel causes compression of annular rib 314 and key cap 212. 

FIG. 6 is a front elevation cross-sectional view of a control panel 
assembly 102 showing one of several potential modes for a buckled key cap 
212 in accordance with an embodiment of the invention. Dimensional 
interference D 4 is greater than the minimum over-travel D 3 (FIG. 5) and D 4 is 
equal to the difference between Di, the overall height the key cap 212, and 
D 5 , the distance between the area of electrical circuitry 204 and the bottom 
502 of protrusion 216 when the bezel 210 is connected to the cover plate 208. 
Columns 308 and 312 are buckled due to the compressive forces at the 
interfaces 502 and 504 between protrusion 216 and columns 308 and 312. 
The buckling creates an angle of deflection, a, in the longitudinal axis of 
column 312. The angle of deflection, a, can be as high as about 160 degrees. 
An angle of deflection greater than zero will cause instability and buckling of 
key cap 212. Whereas the force created by the same deflection of 
conventional key caps can cause the bezel 210 to lift away from members 
202, 206 and 208 of operating panel assembly 102, the buckling of key cap 
212 in an embodiment of the present invention substantially reduces the force 
exerted by key cap 212 on the bezel 210. A plot of data comparing the force 
as a function of displacement of key cap 212 is compared to that of a 
conventional key cap in FIG. 8 as will be described below. 

FIG. 7 shows a perspective view of a key cap 700 of that can be used 
in control panel assembly 102 of FIG. 1 in accordance with another example 
embodiment of the invention. Key cap 700 which is mentioned on keypad 702 
can include at least one helical column, for example column 704, which can 
buckle under compressive force. In such case, the helical column 704 has a 
slenderness ratio, (//£), according to the mathematical relationship described 
above with respect to column 306 (FIG. 3) of key cap 212 (FIG. 3). 

Key cap 700 has four helical columns 704, 706, 708 and 710 arranged 
concentrically about an axis, however, it is not necessary that the columns are 
arranged concentrically and other arrangements are possible. The multiple 
columns of key cap 700, provide a substantially uniformly distributed load for 
making contact with, for example, an area of electrical circuitry 204 (FIG. 2) 
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on circuit board 202 (FIG. 2). Although the four helical columns 704, 706, 708 
and 710 are shown physically connected together, in an alternative design, 
they may also be unattached and independent from one another. The 
columns 704, 706, 708 and 710 of key cap 700 are connected by connecting 
web 716 that surrounds a central opening 718 of key cap 700. The portion of 
connecting web 716 between key caps 708 and 710 has a cross-sectional 
area, A 2 . Regardless of the number and arrangement of columns 704, 706, 
708 and 710, key cap 700 undergoes buckling by a compressive force if the 
key cap 700 experiences a negative, i.e. decreasing, rate of change in the 
slope of a force versus displacement curve. 

It has been found that less force is exerted on the bezel 210 by the key 
cap 700 having a helical design than the force exerted on bezel 210 by key 
cap 212 having a straight column design (FIG. 3). According to various 
embodiments of the present invention, the pitch of the helix may range from a 
minimum pitch greater than zero to a maximum pitch at which the columns of 
key cap 700 exhibit spring-like behavior. The precise pitch chosen is design 
specific, and can depend on the slenderness ratio, the material composition, 
etc., and can be determined by one of ordinary skill in the art. 

Referring to FIG. 7 in one embodiment the pitch can be at least as 
great as V2 the rotational size, p, of the face 720 of column 706 along the 
length, / , of column 706, for example. That is to say, the face 720 on the end 
of column 706 is rotated through Vz the angle inscribed, p, by face 720. For 
example if four columns 704, 706, 708, 710 are positioned radially about a 
longitudinal axis with each column face occupying 10 degrees of rotation and 
a column length, /, of each column is 5 mm, the pitch would be abut one (1) 
degree per each millimeter, or 360 degrees revolution per 360 millimeters. 
This equates to 5 degrees of total rotation, along the length, / , of keycap 700. 
Again, there is a maximum pitch at which the columns 704, 706, 708, 710 of 
key cap 700 would exhibit spring-like behavior and can be determined by a 
person of ordinary skill in the art. 

Key cap 700 can be made from at least one of many flexible 
thermoplastic and thermoset material compositions, having a modulus of 
elasticity of about 500 psi or less, and a hardness of about 90 Shore A or 
softer, as was described above with respect to key cap 212 (FIG. 3). 



9 



HP Docket No. 200209819-1 



Working Examples 

A comparison test of the amount of force required for deflection of 
various key caps was conducted. Force versus deflection data were obtained 
for two key caps, Key Cap 1 and Key Cap 2, having a cross key cap design 
with four columns, for example key cap 212 (FIGS. 2 and 3), and a solid 
cylindrical key cap (control). The four columns of Key Cap 1 were connected 
by a connecting web as shown in FIG. 3 above, and the four columns of Key 
Cap 2 were independent of one another and not connected. A graph showing 
the force acting on the key caps and the corresponding deflection of the key 
caps is illustrated in FIG. 7. 

Data were measured according to the following experimental method: 
A key cap was placed on a vertical micrometer table having height 
adjustments within 0.001 inches. A fixture was placed on the key cap and 
attached to a force transducer, model SSM-10 available from Mark-10 
Corporation of Hicksville, NY. As the micrometer table moved in an upward 
direction the amount of force exerted by the key caps was recorded using a 
transducer, model BGI available from Mark-10 Corporation. This procedure 
was repeated for each sample key cap. 

Details of the compression molded key cap test specimens were as 
follows: 

Control Key Cap: The control key cap was a solid cylindrical cap made 
of silicone rubber grade having a hardness of 60 Shore A +/- 5. The control 
key cap had a height of approximately .14 inches and a diameter of 
approximately 0.195 inches. 

Key Cap 1 : The key cap was made of silicone rubber, grade having a 
hardness of 60 Shore A +/- 5. The key cap 1 had an overall height of .15 
inches and the height, width, and depth of the columns were approximately 
0.125 inches, 0.65 inches, and 0.65 inches respectively. The Key Cap 1 was 
molded such that the each column was attached to the adjacent columns by a 
connecting web. 

Key Cap 2: cap was made of silicone rubber, grade having a hardness 
of 60 Shore A +/- 5. The key cap 2 had an overall height of 0.48 inches and 
the height, width, and depth of the columns were approximately 0.30 inches, 
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0.135 inches, and .10 inches, respectively. The Key Cap 2 was molded such 
that the each column was independent and unattached to the other columns. 

The force/deflection data for a deflection range of 0.055 inches to 0.12 
inches were fit to computer-generated third order polynomial curves, that were 
fit to about 94-95% accuracy. The force/deflection data for a deflection range 
of 0.055 inches to 0.12 inches were fit to computer-generated third order 
polynomial curves, that were fit to about 94-95% accuracy. The second 
derivative was taken of each computer-generated third order polynomial 
equation to indicate the rate of change of the slope of the curves. The second 
derivative of the curve of the Control Key Cap data was positive, indicating a 
positive, nonlinear rate of change in the force applied, whereas the second 
derivative of the curves of the Key Cap 1 data and the Key Cap 2 data was 
negative indicating a nonlinear, negative rate of change in the force applied 
due to buckling. The plots of FIG. 7 also indicate a much lower force is 
required to deflect the Key Cap 1 and Key Cap 2 than the Control Key Cap of 
conventional design. 

Although the invention is shown and described with respect to certain 
example embodiments, it is obvious that equivalents and modifications will 
occur to others skilled in the art upon the reading and understanding of the 
specification. The present invention includes all such equivalents and 
modifications, and is limited only by the scope of the claims 
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